The use of electronic bulletin boards is increasing dramatically; they are now a signi cant source of opinion and experience-related commentary from a wide variety of people over a large range of topics. As such they are a major information resource and potentially suitable as a vehicle for questionnaire distribution. To date, there has been no formal discussion of this vehicle-a de ciency this paper attempts to address. It discusses the advantages and disadvantages of this medium, and compares it against other alternatives. We believe this comparison shows that the medium has a great deal to o er and a wide degree of applicability, especially within the area of exploratory research.
Introduction
Electronic communication has undoubtedly made a great impact on the working and home environment; an increasingly familiar phenomenon are bulletin boards, such as the Usenet service 1]. Bulletin boards are collections of electronic newsgroups, where a newsgroup is a discussion group with a particular focus. Individuals can send electronic articles to and receive from these newsgroups, in general people only subscribe to newsgroups which discuss their particular interests. Individuals can subscribe to newsgroups for a single session or a longer commitment. Some newsgroups are moderated, while other have no control or limitation. These services allow disparate collections of people with a common interest to meet virtually and hold a conversation. A recent phenomenon, especially common within technical groups, is the posting of`fact nding' questionnaires, attempting to elicit opinions and work experience. This process seems (on the surface) reasonable, even desirable, given the amount of technical theory without any quanti able support and/or evidence. But are these questionnaires fatally awed? We can nd no literature on the methodological issues involved in using electronic newsgroups or bulletin boards to distribute questionnaires. In fact, those articles which contain reviews of distribution media, ignore bulletin boards as a potential alternative 2, 3] . The main aims of this paper, therefore, are:
1. To discuss the advantages and problems associated with using this medium.
2. Via a questionnaire study, to investigate the validity (with regard to population cross-section) of using this medium.
A questionnaire distributed via Usenet is undoubtedly designed for mass electronic circulation. The questionnaire author constructs the electronic questionnaire, together with a request for participation, a preamble and a return e-mail address. Armed with the topic and the questionnaire, the researcher can now post it to the set of newsgroups which they believe the target population may read. This selection of only a small proportion of the newsgroups helps to de ne the target population in terms of the phenomenon under investigation. In fact, Usenet and other services support a wide range of interest groups and are hence able to support surveys on a myriad of topics. (Currently Usenet supports approximately 6000 di erent newsgroups, with new ones being created all the time.) The questionnaire author then simply awaits for respondents to return the completed questionnaire via e-mail. Fortunately this period will be relatively brief (assuming a willing audience), allowing them to quickly assimilate the replies and start the analysis.
This paper can be viewed as a complement to the excellent paper by Pratto and Rodman 4], who discuss the advantages and disadvantages of using Magazine-Distributed Questionnaires and is related to the work of Hiltz 5], Meadows 6] and Knapp 7] who have investigated computerisation of questionnaire distribution.
2 The advantages of a bulletin board distributed questionnaire study
Each distribution method has its strengths and weaknesses, therefore when conducting a survey it is vitally important to choose the most appropriate medium for the respective task. The main advantages of using a bulletin board distributed questionnaire are:
Targeting: Bulletin board distributed questionnaires provide very quick access to members of the target population, i.e., by making use of the vast number of existing electronic newsgroups it is possible to select the ones which have a large proportion of individuals who are part of the target population. In fact targeting is highly e cient using this method, as newsgroups are in general very focused and are unlikely to be read by anyone not interested in the topic. Also these newsgroups can provide access to specialised populations, which are often unavailable in other media. This again is due to the diversity of the topics under discussion within these groups.
Cost: The monetary cost of such a survey is exceptionally low, an advantage when performing exploratory research with limited nancial support. This type of survey usu-ally works on a quid pro quo basis: the individual is asked to respond, and, in turn, is promised access to the survey results (usually posted to the corresponding newsgroups).
Access: Bulletin board distributed questionnaires have the ability to obtain a substantial amount of quantitative data: popular electronic newsgroups are read by thousands of individuals from all over the world.
Speed: The speed of turn-around from beginning the survey to collecting the data is quick, i.e., once the questionnaire has been completed, all that is required is posting it to the appropriate newsgroups (responses can be returned within a matter of hours). This is also an advantage for planning future research with deadlines, e.g., subject based experiments require advanced laboratory bookings, subject recruitment, and so on, and such surveys can quickly help to focus hypotheses for testing. Ease of Use: All the responses received will be computerised. This can itself o er several advantages notably (i) a reduction in the time to edit the data into a statistical analysis package, e.g., SPSS and (ii) a reduction in the numbers of errors introduced when transcribing the data to the appropriate format.
Reposting: A researcher can re-post their questionnaire or send a follow-up message with a few key strokes. These follow-up techniques are important in increasing the response rate.
3 The disadvantages of using bulletin board distributed questionnaires
Obviously as well as having advantages, any medium must have disadvantages:
Self-selection: A questionnaire posted to electronic newsgroups will be distributed to a`biased' population: only those who subscribe to the newsgroup can read the questionnaire. Furthermore, respondents to the questionnaire are self-selected from the total population for their motivation and interest to respond. Also, techniques such as personalised reminders 8], often used in mail based surveys, which help to alleviate the selfselection problem, are not available using this medium due to the anonymous nature of the subscribers. Having said this, it should be noted that many potential target populations, available via electronic newsgroups 1 have no available sampling frame for the target, and investigative research on potential topics is limited. This medium is not unique in su ering from this bias, in fact, every medium su ers to a greater or lesser degree, for example see Hawkins 9] for a discussion of self-selection biases associated with other approaches. Potentially the problems faced using this electronic medium are more severe than those using more traditional means. This will be addressed further later in Section 6.
Ability to ask open questions: The ability to ask open questions is still as restricted as in mail based questionnaires because such questions require typing. Open questions require probing of the answers given and as with mail based surveys cannot be easily performed. Having said this, we found a signi cant number of respondents were willing to edit the questionnaire to supply extended or additional open-answers.
Con dentiality: This approach is not inherently con dential, potentially this is a massive problem depending on the phenomenon under investigation. Fortunately respon-dents can supply anonymous contributions, either by using an anonymous e-mail service or by`instructing' their local e-mail service to suppress their names. E-mail services are not normally con gured to allow this, but they run very few checks on who is posting what, and it is not di cult to nd ways to circumvent the normal e-mail procedures.
Having said this, it does require someone with some knowledge of e-mail operations, hence we recommend that appropriate instructions and guidance be provided with any questionnaire about how to achieve an anonymous reply.
Comparison with other distribution media
Obviously there exist other factors which are important in weighing up the various merits of each of the survey methods. Frey's paper 10] on telephone surveys lists a total of 21 factors he considers to be of varying importance when choosing a medium. He then proceeds to compare: postal, face-to-face and telephone surveys against these criteria. We selected the following Usenet newsgroups as de ning our target population (objectoriented partitioners): comp.databases, comp.lang.clos, comp.lang.c++, comp.lang.ei el, comp.lang.objective-c, comp.lang.smalltalk, comp.object, comp.software-eng, and comp.-sys.next.programmer. These newsgroups have an average monthly tra c of 3500 articles, read by thousands of people, and hence we are con dent that the questionnaire reached a sizable cross-section of the target population. As with the majority of mass distribution questionnaires, we attempted to create interest in completing the questionnaire by o ering to post the questionnaire results back to the selected newsgroups. We also followed up our original posting with a re-posting to all the relevant newsgroups ve working days later. From these postings we managed to amass 167 responses within seven working days. Appendix A contains the questionnaire.
We estimate that the re-posting contributed about 30 percent of this gure. Obviously follow-up techniques, such as re-posting, are unavailable if the researcher chooses to distribute the questionnaire in a magazine or journal and hence bulletin board distribution is more akin to postal distribution in this respect. 6 The problem of self-selection There exists the possibility that work undertaken in this medium is awed because it su ers from a large-scale bias introduced by the self-selection phenomenon. In an e ort to estimate the potential impact of this e ect, we decided to repeat the survey using a di erent medium which was known to have a reasonable tolerance to this e ect and subsequently compare the obtained results from these two media. If self-selection was a signi cant problem we would expect the results of the two studies to diverge.
For our replication we decided to use mail distributed questionnaires. Apart from the lower self-selection bias in this media, this format allowed us to use a paper-based version of the existing electronic questionnaire. In fact very little alteration to the electronic questionnaire was required for the mail study. This obviously helps minimise any e ects from non-media variables. 400 questionnaires were posted to randomly selected members of a mailing list (consisting of 2000 contacts). All members of the list had in the past expressed interest in the object-oriented technology products of a speci c software company. Unfortunately, nothing can be said about how representative recipients of the questionnaire were, but we are con dent that the vast majority were members of our target population. Having said this, the list does contain a wide variety of organisations and the`interested' persons have a wide variety of positions and job titles within these organisations.
In response to our mail shot, we received 119 completed questionnaires, yielding a 30 percent response rate. Many authors (e.g. see 12]) remark that a response rate of 20-30 percent is considered to be adequate. Hence, we regard our response rate as a con rmation of the validity of the mail based survey. Further, on inspection of the returns we found only a small minority of questionnaires with incomplete questions; again we consider this to be a validation of the mail based survey and the questionnaire design in general.
It is worth noting some other di erences in the potential sampling populations between the mail based and the bulletin board based surveys. These di erences can lead to problems depending on the type of survey. As stated above, the response rate for the mail based questionnaire was of the order of 30 percent. On the other hand, the response rate for the bulletin board version is extremely di cult, if not impossible to estimate. Also factors such as geographical distribution, demographic groupings, etc. which can be partially controlled in a mail based approach, can become major sources of variability and bias. Another related point of concern is with respect to the topic of our study. The questionnaire is aimed at computer professionals, and begs the question: would a less computer literate cross-section of the population provide the same response rate? It would certainly be interesting to replicate this experiment with a non-computer oriented study.
Comparison of the two surveys
A Chi-square test was performed on each question variable to check for answer di erences between Usenet respondents and mailing list respondents. Table 2 presents the results of each test where any result indicated as signi cant is at the = 0:05 level or better. The signi cant result achieved for respondent position (Q.1(a)) demonstrates that in this survey di erent media have targeted di erent cross-sections of the population. Although we are unable to predict whether either sample is representative of the population, the likelihood is that neither sample is representative. The signi cant di erences achieved for capacity used, experience, and language familiarity are not independent of this fact and are therefore easily explainable: because two di erent groups of people were questioned it is understandable that di erences exist (i) in the capacity the respondents use the programming paradigm, (ii) in respondents' Object-Oriented experience, and (iii) in respondents' familiarity with Object-Oriented languages (although capacity used and experience are not signi cant under the Bonferroni correction method discussed below).
Although statistically signi cant relationships have been discovered through the Chisquare test, this signi cance does not indicate the strength of the relationship: a signi cant result only means that the relationship in the population is unlikely to be zero 13]. It is, therefore, desirable to have a measure of the strength of the relationship (i.e., have an index of the degree of correlation). For this reason Cram ers was calculated, a linear index which converts the Chi-square X 2 value to a correlation coe cient (interpreted as a Pearson r correlation coe cient) indicating the strength of the relationship between two di erent variables. The index is on the scale of 0 to 1 where the larger the value of , the stronger the relationship between the two variables. Note that the largest value, achieved for position ( = 0:40), only represents a weak to moderate relationship between the medium used and the position the respondent held. Consequently, given that (i) the questions tested, with one exception (Q. 10(a)), provide no signi cant di erence of opinion between the two sets of respondents and (ii) the calculated indexes for these questions are indicators of no more than weak relationships, we can have increased con dence that the self-selection problem discussed in the previous section has not biased the results of this survey. The exception was a statistical di erence of opinion about the ease of Object-Oriented Analysis and Object-Oriented Design (Q.10(a)). The complete data set was examined in an attempt to explain the di erence. A second Chi-square test was performed including only those respondents who chose either the`yes' or`no' category (to eliminate the`don't know' respondents as the reason for the di erence). A signi cant result was still obtained, < 0:05 (two-tailed, df = 1; X 2 = 5:94). Further examination of the data set revealed that the signi cance was caused by the number of respondents who replied`no' to the question: only 11 (7.2%) respondents in the electronic group compared to 16 (17.2%) in the mail group. The questionnaires for these respondents were then examined for similarities which might explain why they answered`no', e.g., were they relatively inexperienced object-oriented users? Cross checking across all the other variables in Table 2 , however, did not reveal any common ground and left us unable to provide any explanation based on the data. One possible reason may be because when conducting multiple comparisons, the probability of committing a Type I error (falsely rejecting a null hypothesis) increases with the number of tests. Courtney and Gustafson 14] state, \although the probability of a Type I error is xed at = 0:05 for each individual test, the probability of falsely rejecting at least one of those tests is signi cantly larger than 0.05." Given that 24 statistical tests were applied, therefore, the probability that our signi cant result for Q. 10(a) was achieved by chance is quite high. If the answer to any question is independent of all other answers then this probability is calculated as P (x 1) = 1 ? (1 ? 0:05) 24 = 0:71: Although some question dependence does exist within the questionnaire, this gure provides a rough estimate of just how large this probability is. The most frequently advocated method of reducing this in ated Type I error probability is through the Bonferroni correction method 15]. This simple procedure involves dividing the level desired for statistical signi cance (in this case = 0:05) by the number of statistical tests conducted. Thus, through application of this method, a signi cant relationship will be achieved only if the value is less than = 0:0021. As a consequence, statistical signi cance only remains for position and language familiarity; the other relationships indicated as statistically signi cant in Table 2 with a y do not achieve the required value to be classed as signi cant under the Bonferroni method.
To conclude we should reiterate that, although it is likely that neither medium has provided sample representativeness for our survey, the opinions expressed in the questionnaires did not show any signi cant di erence across the media used under the Bonferroni correction method. Further, the strength of the relationship between the response to an arbitrary question and the medium used could, at most, only be described as moderate. Also, mail based questionnaires are known to su er from the self-selection problem within acceptable limits and our results show little di erence between the two media. We conclude that the problem of self-selection within the bulletin board distributed component of this survey appears to be of a similar order to the mail distributed component, and hence we have con dence that this e ect has not negated the results of this survey. Furthermore, we regard this as initial evidence, suggesting that bulletin board distributed questionnaires are not fatally awed due to the self-selection problem, although this study requires repeated external replication to allow us to draw any generalisable conclusions. We recommend that the merits of using electronic distributed questionnaire, either in association with mail based questionnaires or on their own, should not be underestimated.
Conclusions
As the way people communicate continues to evolve, then the opportunities for new and exciting mediums for survey distribution evolve. The downside of this is that unless each new medium is carefully assessed and evaluated, then we run the risk of producing large bodies of work which are fatally awed. Distribution by electronic bulletin boards ts this bill. Although we are currently seeing an ever increasing number of questionnaires distributed by this medium (e.g. see 16]), no formal consideration of the medium has taken place to date. This paper seeks to remedy this de ciency.
The advantages of using this new medium are many, with the chief advantages being that the medium provides us with very cheap and immediate access to large populations, and that these populations are well de ned in terms of a particular phenomenon. Also, new forms of questionnaires are relatively easy to construct, given advances in hypermedia technology and responses to the questionnaire can start arriving in a matter of hours and certainly should be completed within a few days. In fact the whole process, from questionnaire hypothesis to nal statistical analysis can be achieved in a matter of weeks.
The main drawback with this medium, is the potential bias introduced by the selfselection phenomenon. In our experiment we have been able to show that this bias is probably not as serious as one might have feared, although further external replications are required to allow generalisation of these results. We conclude that electronic bulletin boards are a useful addition to the current range of distribution media, provided these four conditions are true: (1) the target population of the survey can be expressed as one or more newsgroups within the bulletin board; (2) there is no sampling frame for the target population; (3) a sizable number of people read the relevant newsgroup(s) and (4) 12. Do you think that continual maintenance of structured programs, i.e., non object-oriented programs, leads to unmaintainability? (please circle the appropriate number) Never Always 1 2 3 4 5 13. Do you think that continual maintenance of object-oriented programs leads to unmaintainability? (please circle the appropriate number) Never Always 1 2 3 4 5 14. Do you think that object-oriented code is more maintainable than structured code?
(please circle the appropriate number) Never Always 1 2 3 4 5 Please answer questions 15 to 19 only if you have knowledge of C++ or strong opinions on the subject in question. 15 . C++ appears to have become the de facto standard object-oriented language for industry. Do you regard this as Bad Good Indi erent Don't know, or
